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Ring Cooler Geometry
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Sketch of Dipole Magnet

Pole face is shaped to 
achieve required gradient

The design of the wedge 
magnet is from P. Schwandt 
(dated 30 Jan 01).

It has been revised.
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Tosca Model for Wedge Dipole

End of Return Iron for Large Solenoid

10 cm gap between dipole and shield
15 cm endplate

95 cm radius

Coils in this Model are 
assumed to be 

superconducting
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Saturation in Dipole Magnet

• Figure shows the 
permeability for the 
vertical midplane of the 
magnet.

• µ<10 on inner edge of the 
aperture.
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By along Vertical Symmetry Plane

• Figure shows three curves:

– Ideal Field:

• 2D field from shaped 
iron pole and effective 
yoke width.

• Calculate index=0.473

– 3D Field Calculation

• Calculation using 
TOSCA

• Gives index=0.47

– 2D cylindrical Calculation

• Uses same pole profile, 
but has closed cylinder 
out of plane.

By Along Vertical Symmetry Plane
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By Off Vertical Symmetry Plane

By on Different Planes
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Dipole Field along Reference Path

Field Along Reference Path
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Figure 4:  Field components for a path 
displaced 10 cm vertically from the 

reference path

Fields 10 cm Off Axis in Dipole  Magnet
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Avoiding a 3D Map

• The 2D part of a long accelerator magnet is traditionally 
parameterized by Fourier harmonics.

• A generalization of the traverse field that takes into 
account the s dependence of the field has the form:
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Transverse Harmonics as a Function 
of s

Dipole Component
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Dipole Field Description

• The harmonic description is currently in Muc_Geant.  
– I have calculated harmonics of Bφ(s) and Br(s) at positions along a 

reference path through the dipole magnet at 7 different radii using the 
TOSCA program.

– I have fit the previous formula (3 transparencies ago) to parameterize K(s) 
as:

• Kn(s) = a[tanh((z-zo)/λ)–tanh((z+zo)/λ)] for each n
• The parameters for K(s) come from a combined fit of Br and Bφ

– The fits for the Dipole and Sextupole components look reasonably good.  
The fit to the Quadrupole component is not that stable.

• Note the difference in the Br and Bφ for zo for the quadrupole fit.
– Since the harmonics are power series r the field at large radius will be less 

reliable.  This can be seen in the field for r>14 cm. 
• This may be a serious problem since tracks at large radius may be lost 

by incorrect fields.
• I am investigating if there is a better parameterization than the harmonic series.
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Dipole Profile Fits

b1 harmonic

Calculation

Fit

Bo Harmonic

Fit to 

tanh[k(x-χ)]-tanh[k(x+χ)]

The tanh shape 
does not describe 

the quadrupole 
very well.  An Enge

function form 
should work better.  

That is being 
worked on.
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Long Solenoid Magnet

coil

Thick Flux 
Retur n  

Vanadium Permadur  
End Plate

Field Clamp
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Fields in Long Solenoid

Solenoid Fields
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Comments on Long Solenoid Magnet

• The end plate effectively 
separates the solenoid field from 
the dipole.

• Radial fields are present only in 
the vicinity of the end plate.

• The end plate takes about 40 cm 
of longitudinal space.

– Actually I have the solenoid 
end plate and the dipole field 
clamp overlapping in space!

– We need to determine 
reasonable amounts of 
allowable space

Comparison of Long Solenoid Field
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Short Solenoid Magnet
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Short Solenoid Fields

Bz in Field Flip Solenoid
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Ideal Short Solenoid Field Flip Magnet

• Top figure shows Valerie’s 
design for the short field flip 
solenoid.

• The lower figure shows the field 
and dispersion for that magnet.

• This form of the field assumes 
that there is a Neumann condition 
at the end of the magnet.

– The field will continue ~2 T 
forever.

Bz on 
axis
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Short Solenoid Fields From Opera2D

Field with iron 
covering ends

Field with aperture 
for muons

This forces field to be 
sort of parallel to axis

How critical is it to have 
this field plateau?
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Field Maps

• The TOSCA program can generate 3D field grids.
– Wedge Dipole

• Opera2D is used to generated the following grids with 1 cm×1 cm 
segmentation:
– Large Solenoid
– Tail of Dipole in Large Solenoid
– Tail of Dipole in Small Solenoid
– Small Solenoid

• The gufld subroutine in GEANT will have to keep track of which 
octant it is in, which grid it should use and what signs to apply to the 
field for each point in space.
– This is all available in the current release of MUC_GEANT.
– The program is stored in CVS at Fermilab if anyone would like to

use it.
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Field in Geant
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Tuning the Dipole Field

• The integral of the field traversed 
by a muon on axis must be 
determined by tracking when there 
are fringe fields.

• By tracking on axis µ around the 
ring without absorbers and with no 
RF, one can establish a small 
correction factor necessary to bend 
the on momentum µ.

– It is necessary to redo this for 
any change that effects the 
integrated dipole field.

• It is possible to adjust the dipole 
field to get a µ to circulate several 
revolutions in storage ring mode.
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Current Status: µµµµ Travels 3.5 
Revolutions when RF is turned on

Track is lost with REALISTIC field 
after 3.6 turns

Track  goes > 19 turns in HARD 
EDGE field

Tracking on axis µ with the RF and Absorbers
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Comparison of Field Along Tracks

• The figures at the left show the 
field seen by on axis µ traversing 
first octant of ring.
– There are differences at the 

ends of the short and long 
solenoids as expected.

• There is By in the center of the 
Short Field Flip solenoid for the 
realistic muon since its does not 
have zero displacement at that 
point.
– This is an indication that the 

ring would have to be tuned 
for the realistic fields.

Comparison of Bz Along Path
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Comparison of Deviations

Comparison of Horizontal Deviations
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Adjustments That Need to Be Made to 
Accommodate the Realistic Fields

• Accommodate the space required between the dipole and 
the solenoids on either side for the flux return and field 
clamps.

– This is about ~40 cm.

• The configuration  should be adjusted so that a beam 
traveling through the long or short solenoids plus the end 
space should be non-dispersive.

• The ring has to be re-optimized for these fields!
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On Momentum Particle Starting at Reference Position

Energy vs S in Quarter Turn
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Tracking With a Realistic Beam

• I have shown how the reference particle looks with the Realistic Fields 
and with the Hardedge Field. As an exercise, I would like to look at 
the Hardedge Field case with realistic muon bunch with the following 
parameters:
– σx = σy = 4 cm.
– σPx = σPy = 32 MeV/c.
– σE = 18 MeV.
– σct = 0 cm.  (Valeri used 9 cm! I have ignored this in this study)

• There is a correlation between E and ct inside the absorber, 
which I can ignore.

– There is also an energy-momentum correlation that was ignored in 
the earlier analysis (these plots) that is in the current simulations. 

• Use newer RF cavity times, phases, and frequency.  These still are not 
perfectly optimized, but they are better than previously available.
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In Storage Ring Mode (No RF or Absorbers)
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Properly Phased (?) with RF and Absorbers
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Px vs. x Phase Space
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Py vs. y Phase Space
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E vs. ct Phase Space


